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INTRODUCTION
The polar desert zone is the northernmost marginal zone of their latitudinal distribution. According to AleksAndrovA (1980 AleksAndrovA ( , 1988 , we assume that the Arctic includes the polar desert zone and tundra zone. European polar desert zone comprises some islands and three archipelagos of the Arctic Sea: North East Land Island of Svalbard (in the list, abbreviations of archipelagos are in bold -sV), Franz Josef Land (fJlA) and local part of Zhelaniya cape of Severny (Northern) Island of Novaya Zemlya (NzA) and Vize island (Fig. 1) .
Extreme ecological conditions include low temperatures, a short growing period, etc., and make the polar desert zone one of the harshest environments on the Earth. Most parts of the landscape lack vegetation. Cyanobacteria are widespread organisms in Arctic ecosystems. The functional role of cyanoprokaryotes in polar biotopes is important, because they are a significant producer of organic matter. Indeed, the cyanobacterial microflora of the polar desert zone is poorly known (dAvydov & PAtovA, 2018) . The data on their diversity are still incomplete, due to the remoteness of the region.
The first data on cyanobacteria biodiversity in Franz Josef Land archipelago we can find in the papers of Borge (1899), kosinskAyA (1933 ( ), shirshov (1935 ( ), novichkovA-ivAnovA (1963 . A few algological studies on the polar desert zone of Svalbard archipelago (thomAsson, 1958; richter & mAtuła, 2013; DavyDov, 2013 DavyDov, , 2016 and Novaya Zemlya archipelago (shirshov, 1935) have been carried out.
Until the beginning of our study, the list of species from the European polar desert zone included 76 taxa. Partially, the cyanobacteria from the polar desert have been described in previous monographs (PAtovA et al., 2015) , which include the soils and terrestrial habitats only. Therefore, the cited list was incomplete, because it did not include new data on floras from Innvika coast (dAvydov, 2016) and floras from the northern coast of Murchisonfjorden. The aim of the current study was to present all available published data on cyanobacteria from the European polar deserts, and new data on biodiversity of freshwater and terrestrial cyanoprokaryotes in Svalbard.
MATERIALS AND METHODS
We studied cyanoprokaryotes on North East Land Island (Nordaustlandet) (NI), Svalbard archipelago from 2006 to 2012 (Fig. 1) , namely, on Prins Oscars Land, on the eastern coast of Rijpfjorden Bay (in the list, areas are in italic and underlined -R) in 2006; on Gustav V Land, on the northern coast of Murchisonfjorden (K) in 2010; on the southern coast of Innvika cove, Fotherbyfjorden Bay (I) in 2011; on Orvin Land, on the eastern coast of Saetherbukta cove, Duvefjorden Bay (S) in 2012.
All samples were collected by the author, with the exception of some specimens collected by Dr S. Shalygin. A total of 368 samples of cyanobacteria were collected. The samples were collected on the sea coast and sea marshes, in lakes and pools, in streams and waterfalls of different type, minerotrophic mires and seepages, under the bird colonies, on the wet rocks, on soils, on bare permafrost landforms. We followed the approach to the classification of polar habitats (metting, 1981; ElstEr, 2002; WEhr & shEath, 2015) with some changes. From our point of view, the following groups of cyanobacteria habitats could be divided in the polar desert zone: among aquatic habitats we distinguished, specifically, lakes ( Fig. 2A) and ponds, fast running glacial streams ( Fig. 2B ) and waterfalls ( Fig. 2C ), slow running streams (Fig. 2D ). We divided the subaerial types of habitats into coastal habitats, pools, littoral zone of inland surface waterbodies (Fig. 3A) , minerotrophic mires, seepages (Fig. 3B) . Wet moss-dominated communities (Fig. 3C ), wet soils, wet and dripping rocks (Fig. 3D ) were referred to aerial types of cyanobacterial habitats.
The specimens are deposited at the Herbarium of Polar-Alpine Botanical Garden-Institute, Kirovsk (KPABG). Information on habitats and description of localities and data from the literature sources is included in the CYANOpro database (melechin et al., 2013) .
Cyanobacteria species are listed alphabetically. The species recorded in Europe's polar desert flora for the first time are marked with an asterisk. The species frequency is defined on the basis of the field observations as follows: rare -species recorded 1-3 times, sporadically -4-7, frequent -over 7 times, very oftenmore than 10 times. Annotation contains the names of collection sites; the numbers after it designate the specimens in KPABG Herbarium and habitats. More information about specimens include localities, detailed description of habitats, each sample, substrates, and coordinates can be found in CYANOpro database (http://kpabg.ru/cyanopro/?q=seraed). Herbarium numbers are cited together with the names of species in the text below. KomárEK & anagnostiDis (1998 and KomárEK (2013) manuals were used for species identification, synonyms of the species are provided in the brackets. Current taxonomic positions of taxa correspond to komárek et al. (2014) . Svalbard archipelago: R -the eastern coast of Rijpfjorden Bay, K -the northern coast of Murchisonfjorden. I -the southern coast of Innvika cove, Fotherbyfjorden Bay, S -the eastern coast of Saetherbukta cove, Duvefjorden Bay. Free products ©Norwegian Polar Institute were used to create the map Similarity of floras was determined by the Sø-rensen index (KS) (weighted pair-group method using arithmetic averaging) in the programme module GRAPHS (noWaKoWsKiy, 2004) : КS = 2а/(2а + b + c), where а -number of species common to both sets, b -number of species unique to the first set, с -number of species unique to the set.
RESULTS
Total list of cyanobacteria from the European polar desert zone comprises 176 species that occupy water, sub-aerial and aerophytic habitats. The highest number of cyanoprokaryotes (132 species) was detected in the flora of North East Land Island (Sval- Fig. 2 . Examples of aquatic habitats selected for the study of cyanobacteria flora: A -cyanobacterial mats on the shore of an unnamed lake (the eastern coast of Saetherbukta cove, Duvefjorden Bay); B -a fast stream on the eastern coast of Saetherbukta cove, Duvefjorden Bay; C -a waterfall on the southern coast of Innvika cove, Fotherbyfjorden Bay; D -a slow stream with mat of Phormidium uncinatum on the bottom (the southern coast of Innvika cove, Fotherbyfjorden Bay) Fig. 3 . Examples of subaerial habitats: A -a bank of lake on the eastern coast of Saetherbukta cove, Duvefjorden Bay; B -a seepage on the eastern coast of Saetherbukta cove, Duvefjorden Bay; and aerial habitats: C -a wet rock on the southern coast of Innvika cove, Fotherbyfjorden Bay; D -a biocrust with Microcoleus vaginatus in upper layer bard archipelago). In the floras of polar deserts, only 35 species were common and dominant, whereas most species were rarely (102 species) or sporadically recorded (32 species). Most diverse in species were the genera Gloeocapsa (15 species), Chroococcus (13 species), Phormidium (12 species), Aphanocapsa (11 species), Leptolyngbya (10 species) (Table 1, Fig. 4) .
Almost all species were found in aquatic habitats (172 taxa). In lakes, 81 species inhabited, in fast streams and waterfalls -28, in slow streams -63 species. There were 119 species in subaerophytic types of habitats. On the sea coast occurred 19 species, in pools -61, on banks of water bodies -48, in a few mires -2, on seepages -50. The aerophytic types of habitats comprised 136 cyanobacterial species, a lot of these species were growing on rocks (76) and soil (46) and a few species were discovered on moss community (9) and permafrost polygons (8).
DISCUSSION
The total species diversity in the European polar desert zone is significantly less studied than in the European tundra zone, which includes 401 species, and the European Hypoarctic zone comprises 472 species (own unpublished data). We can assume that it is an obvious trend, which represents a general character of cyanobacterial biodiversity and their decrease towards high latitude areas.
At the same time, the European polar desert zone exceeds the Siberian province of the polar desert by the number of investigated areas and by the number of identified species. The Asian part of polar desert zone comprises Severnaya Zemlya archipelago and the northern part of Taymyr, where only 45 species have been found (PAtovA et al., 2015) . For comparison, the Canadian part of the polar desert has a single occurrence and four species have been found (dick- 
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Anathece ( (croAsdAle, 1973; sheAth et al., 1996; sheAth & muller, 1997; vézinA & vincent, 1997; elster et al., 1999; DicKson, 2000; villeneuve et al., 2001; BonillA et al., 2005; JungBlut et al., 2010) . Although flora of cyanobacteria from the European polar desert zone contains a small number of species, their abundance is not extremely low and can be compared to the flora of tundras of Svalbard archipelago (264 species) or Greenland (127 species). Perhaps future investigations employing the molecular analysis will increase diversity of some floras, because genetic approach allows to detect cryptic species. Previously it has been shown that molecular approach enables to identify more different cyanobacterial OTUs than light microscopy only (PushkArevA et al., 2015) . Currently, the Polar desert zone of Antarctic probably is the richest in cyanobacterial diversity (aKiyama, 1967; smith, 1984; PanKoW et al., 1991; vincent et al., 1993; BroAdy, 1996; BroAdy & WEinstEin, 1998; cavacini, 2001; singh et al., 2008; KomárEK & KomárEK, 2010; michAud et al., 2012) . Distribution of the studied areas shows that only North East Land Island (Svalbard archipelago) is particularly well investigated, while other regions of the European polar deserts still have not received enough attention. High number of cyanoprokaryotes (132 species) has been detected in the flora of North East Land Island (Table 2) . Franz Josef Land archipelago has been only partially studied and has lower numbers of species (69).
Floristic similarity between all the studied localities is low (Table 3) . Only 25 common species mainly typical hydrophytes occur in the floras of Franz Josef Land and North East Land Island.
Evidently, a more detailed study of terrestrial cyanobacteria from Franz Josef Land could result in a lower floristic difference. The flora of Novaya Zemlya polar deserts includes 12 species only and at the current situation, we had no reason to discuss the similarity between this flora and floras of other areas.
Almost all species (127, see the list of species) detected in the polar deserts grow in tundra also. Most species, which are absent in tundra zone, are widely distributed on the Earth and aren't specific of polar deserts (Chamaesiphon minutus, Coelosphaerium dubium, Merismopedia hyalina, Tolypothrix fasciculate, Woronichinia elorantae). The species found in polar deserts don't occur in the tundra zone, but grow in the southern part of Hypoarctic, particularly Ammatoidea normannii, Anabaena sedovii, Aphanocapsa conferta, Chroococcus obliteratus, Gloeocapsa fusco-lutea, G. novacekii R -the eastern coast of Rijpfjorden Bay, K -the northern coast of Murchisonfjorden, I -the southern coast of Innvika cove, Fotherbyfjorden Bay, S -the eastern coast of Saetherbukta cove. We can also assume that the future studies of cyanobacterial diversity in the polar deserts will increase the number of species, but a total quantity of taxa will not exceed the tundra's diversity and the polar desert zone will have the poorest cyanobacterial species composition in the world.
list of species
Ammatoidea normannii W.West et G.s.Westvery often; sV, NI; R: 201; I: 3439, 3608, 285, 3594, 3577, 3576, 2964, 3628, 2962; S: 3673, 3671, 3668; at the bottom of lakes and pools, in fast and slow streams, on seepages, crust on wet soil, in clefts of wet rocks.
Anabaena laxa (rabenh.) A. (shirshov, 1935) ; in plankton of lakes and in pools. *A. fonticola hansg. (Fig. 4 J) -rare; sV, NI; S: 3644; on mosses. Fig. 11 . Micrographs of Aphanocapsa. fonticola (a) and Chroococcus subnudus (b).
*A. fusco-lutea hansg. -rare; sV, NI; K: 3899; on wet rocks. *A. grevillei (Berk.) rabenh. -very often; sV, NI; R: 210, 212; K: 3755, 3870-3875, 3819, 3864, 3865, 3867, 3868, 3879, 3883, 3886, 3887, 3921; I: 2861, 3594, 3598; S: 3660, 3697, 3662, 3601, 3604, 3606, 3609 ; at the bottom of lakes and pools, in slow streams and on the shores of streams, on seepages, on wet rocks.
A. incerta (lemm.) G.Cronb. et komarek (=Microcystis pulverea (Wood.) Migila f. incerta (Lemm.) Elenk.) -rare; fJlA, Hooker Island, Sedov cape; Scott Keltie Island (kosinskAyA, 1933); on seepages and in pools.
*A. muscicola (menegh.) Wille -very often; sV, NI; R: 205; K: 3933, 3750, 3863; I: 3624, 3581, 3608; S: 3649, 3654, 3662, 3952, 3686, 3679, 3670; at the bottom of slow streams and on the shores of streams, on seepages, on wet rocks, on permafrost polygons. : 3852, 3860, 3862, 3864, 3866-3868, 3870, 3872, 3888, 3906, 3915, 3916, 3930, 3932; S: 3953, 3954, 3956, 3951, 3943, 3942, 3940 ; on sea marsh in small pools, an endolithic and an epilithic on pebbles, on the shores of lakes, on seepages, on wet rocks. 3826-3828, 3830, 3860, 3864, 3868, 3872, 3874, 3878, 3881, 3883, 3886, 3888, 3890, 3891, 3893, 3897-3900, 3904, 3913, 3918, 3919, 3925, 3926, 3928; I: 3807, 3624, 3578, 3580, 3621, 3593; S: 3650, 3657, 3689, 3661, 3684 ; in a slow stream, in pools, on seepages, an epilithic at the bottom of lakes and on the shores of lakes, on sea marsh, on wet rocks.
Chamaesiphon minutus (rost.) lemm. -rare; fJlA, Scott Keltie Island (shirshov, 1935) ; in a slow stream. *Ch. polonicus (rost.) hansg. (Fig. 4 A-B ) -very often; sV, NI; K: 3751, 3828, 3833, 3843-3849, 3852, 3859, 3862, 3888, 3912-3915, 3919, 3921, 3928, 3931; I: 3178, 3170, 3586, 3175, 3568, 2963, 2857, 3570, 3168, 2964, 3576, 3577, 3172; S: 3637, 3680, 3688, 3638, 3636, 3682; (Fig. 4 I) (Fig. 4  E-F) -very often; sV, NI; R: 207; K: 3823, 3756, 3757, 3931; I: 3177, 3602, 3601, 3599, 3598, 3591, 3582, 3172, 3573, 3572, 2968, 2967; S: 3942, 3956, 3957, 3647, 3649, 3953, 3941, 3701, 3943 ; at the bottom and on the banks of slow and fast streams and pools, on seepages, on the shores of lakes, on wet rocks. 210, 212, 214, 196; K: 3827, 3749, 3828, 3923, 3928; I: 3182, 3177, 3627, 3618, 3605, 3601, 3574, 3573, 3572, 3571; S: 3671, 3660 ; on the shores of lakes, in slow and fast streams, at the bottom of pools, on seepages, on permafrost polygons, on wet rocks. *G. novacekii komarek et Anagn. -rare; sV, NI; I: 2959; on wet rocks. *G. punctata Näg. -rare; sV, NI; R: 229; on seepage.
*G. ralfsii (harv.) kütz. (Fig. 4 G-H) -very often; sV, NI; K: 3905, 3832, 3898, 3902, 3932; I: 3572; Shalygin S., 3807, 3176, 2969, 3620, 3574; S: 3650, 3651, 3661, 3657, 3689 ; in pools, on sea marshes, and on wet soil under a bird colony, on wet rocks. *G. rupestris kütz. -rare; sV, NI; K: 3827; on wet rocks. *G. rupicola kütz. -rare; sV, NI; I: 2959; S: 3939; on wet rocks and on the shore of lake.
G. sanguinea (C.Ag.) kütz. (=Gloeocapsa magma (Breb.) Kütz. var. itzigsohnii (Bern.) Hansg.) -very often; fJlA, Hooker Island, Sedov cape (kosinskAyA, 1933), sV, NI; K: 3757, 3829, 3925; I: 3182, 2967, 2868, 3166, 3179, 3573, 3180; S: 3700, 3684 ; at the bottom of pools and on fast and slow streams, on the shores of lakes, on wet rocks, on seepages.
*G. tornensis skuja -rare; sV, NI; I: 2968; at the bottom of a fast stream. *G. violascea (Corda) rabenh. -very often; sV, NI; K: 389, 3815, 3889, 3891, 3893-3895, 3897-3900, 3902, 3913, 3918, 3925, 3926, 3928, 3930, 3932; I: 2967, 3572, 3573, 3574, 3166, 3605, 3167, 3180, 3176, 2859; S: 3647, 3952, 3657, 3957, 3700, 3654, 3653, 3954, 3693, 3684, 3687, 3689, 3661, 3646 ; on wet rocks, in small pools, in slow streams, on sea marshes, on wet soil under a bird colony, on seepages, on the shores of lake.
Gloeocapsa sp. -rare; sV, NI; K: 3913; on wet rocks.
*Gloeocapsopsis cyanea (krieg.) komarek et Anagn. -rare; sV, NI; K: 3920; on wet rocks. *G. magma (Breb.) komarek et Anagn. -very often; sV, NI; R: 229, 207, 199; K: 3893; I: 3621, 2578, 3166, 3623, 3624, 3595, 3608, 3598, 3577, 2859, 3167, 3627, 3628, 2966, 3618, 3616; S: 3654, 3687, 3939, 3699, 3645, 3684, 3669, 3668, 3647, 3937, 3646 ; on wet rocks, in slow and fast streams, on seepages, on the shores of lakes. *G. pleurocapsoides (Novacek) komarek et Anagn. -rare; sV, NI; I: Shalygin S., 3807, 3577; on wet rocks.
Gloeocapsopsis sp. -rare; sV, NI; K: 3751; in a slow stream.
*Gloeothece confluens Näg. -rare; sV, NI; K: 3827, 3828, 3863; on wet rocks, on seepage.
*G. palea (kütz.) rabenh. -rare; sV, NI; S: 3651; on wet rocks. *G. violacea rabenh. -rare; sV, NI; S: 3669; in a slow stream.
Gomphosphaeria aponina kütz. -sporadically; fJlA, Scott Keltie Island, Rumyantsev Lake (shirshov, 1935), NzA (shirshov, 1935) , sV, NI; K: Little North Lake, Ice-eye Lake, Home Lake Third Lake (thomAsson, 1958) ; in plankton. : 2959, 3174, 3608, 3597, 3593, 3591, 3582, 3581, 3580, 3439; S: 3660, 3662, 3663 ; in the soil, on wet rocks, on seepages, at the bottom of lakes.
-Leptolyngbya cf. gracillima (hansg.) Anagn. et komarek -frequent; sV, NI; S: 3957, 3956, 3954, 3953, 3951, 3943, 3942, 3941, 3940; (shirshov, 1935 ), MacKlintok Island (kosinskAyA, 1933 ), Bell Island, Scott Keltie Island (shirshov, 1935 , NzA (shirshov, 1935) , sV, NI; K: Celsius Ice Lake (thomAsson, 1958); 3872, 3865, 3867, 3903, 3873, 3874, 3876 ; in plankton of lake, in small slow streams and small pools, on sea marshes, on wet rocks. *M. hyalina (ehrenb.) kütz. -rare; sV, NI; I: 3601; on seepage.
M. punctata meyen -sporadically; fJlA, Hooker Island, Tikhaya cove (shirshov, 1935) , NzA (shirshov, 1935) , sV, NI; K: Third Lake, Dead Lake, Little North Lake (thomAsson, 1958) (shirshov, 1935 ), fJlA, Hooker Island (shirshov, 1935 ), Alexandra Land Island (novichkovA-ivAnovA, 1963 , sV, NI; K: 3927, 3930, 3920, 3919, 3880, 3917, 3916, 3915, 3893, 3877, 3896, 3929; I: 3440, 3168, 3568, 3586, 3577, 2965, 3576, 3624, 3179, 3569, 3619, 3584, 3612, 3583, 3441, 3182, 3169, 3587; Shalygin S., 3806; S: 3665, 3666, 3659, 3643, 3656, 3948 ; in slow and fast streams and near waterfalls, in pools, on the shores of lakes, on wet rocks, crust on the soil, in the soil, on wet moss tundra, on sea marshes. 3912, 3871, 3913, 3898, 3828, 3874, 3865, 3749, 3823, 3830, 3860, 3899, 3866, 3897; I: 3582, 3166; S: 3688; at the bottom of slow streams and pools, crust on the soil and permafrost landforms, on seepages.
Microcystis : 190, 202, 200, 223, 191; K: 3746, 3748-3750, 3752-3754, 3814, 3815, 3817, 3819, 3823-3826, 3830, 3831, 3854, 3858, 3860, 3866, 3868, 3871, 3872, 3874-3878, 3881, 3882, 3884-3887, 3889, 3891-3895, 3897, 3898, 3899, 3900, 3902, 3904, 3905, 3912, 3913, 3918, 3923, 3925, 3928, 3932; I: 2858, 2966, 3167, 3172, 3176, 3578, 3585, 3596, 3597, 3599, 3600, 3602, 3605, 3606, 3620, 3622, 3624, 3625; S: 3645, 3954, 3953, 3952, 3942, 3941, 3649, 3943, 3940, 3937, 3687, 3684, 3692, 3693, 3695, 3678, 3677, 3657, 3957, 3694, 3675, 3666, 3667, 3701, 3650, 3674, 3700, 3956, 3955, 3661 ; on wet moss tundra, in pools, crust on the soil and on permafrost landforms, at the bottom and on the shores of slow streams, on seepages, on the shores of lakes and mats at the bottom of lakes, on wet rocks, on sea marshes.
N. kihlmanii lemm. -sporadically; fJlA, Hooker Island, Tikhaya cove (shirshov, 1935) : 3826, 3853, 3879, 3859, 3874, 3864, 3867, 3876, 3915; I: 3629, 3174, 3606, 3580, 2958, 3439; S: 3643, 3690, 3663, 3954, 3680, 3644, 3692, 3678, 3672, 3667, 3694, 3691 ; on wet rocks, in slow streams and pools, on seepages, on the shores and at the bottom of lakes, on sea marshes, crust on the soil. *Petalonema alatum Berk. ex kirchn. -sporadically; sV, NI; S: 3940, 3161, 3700, 3701, 3941; on the bank of lakes, on the sand. *P. crustaceum C. Ag. ex kirchn. -frequent; sV, NI; R: 210, 202, 199; K: 3831, 3830, 3832; I: 3626, 3173 ; on the shores of lakes, on seepages, on wet rocks. *P. incrustans [kütz.] komarek -very often; sV, NI; K: 3871, 3905, 3900, 3902, 3894, 3860, 3891; S: 3661, 3952, 3954, 3956 ; at the bottom of slow streams, on wet rocks, on seepages.
Petalonema sp. -rrare; sV, NI; I: Shalygin S., 3807; in wet cliffs of rocks.
Phormidesmis molle (Gom.) Turicchia et al. -rare; fJlA, Scott Keltie Island (shirshov, 1935) ; in slow streams.
*Phormidiochaete nordstedtii (Born. et flah. ex de Toni) komarek -frequent; sV, NI; I: 3617, 210, 195, 213, 199; I: 2960, 2966, 3599, 2967, 2859, 3166, 3589, 3590, 3625, 3607, 3167, 2868; S: 3673, 3671, 3939, 3937, 3670, 3669, 3687 ; on the shores and at the bottom of slow streams, on the shores of lakes, on seepages, wet crust on the soil, on wet rocks. *S. ocellatum [dillwyn] Thur. ex Born. et flah. -very often; sV, NI; R: 213, 211; I: 3580, 3578, 2959, 3621, 3623, 3624, 3167, 3180; S: 3668, 3699, 3653, 3655, 3684, 3651 ; on the shores and at the bottom of lakes, in slow streams, on wet rocks. 3904, 3752; I: 3166, 2861; S: 3695, 3940, 3679, 3943, 3941, 3693, 3696, 3942, 3700, 3651 ; on wet rocks, crust on the soil and permafrost polygons, between mosses and lichens, on the shores of slow streams, on sea marshes.
-f. terrestris J.B.petersen -fJlA, Alexandra Land Island (novichkovA-ivAnovA, 1963) 
